An experiment was conducted in the field laboratory, Department of Plant pathology, Bangladesh Agricultural University, Mymensingh to know the efficacy of compost tea and poultry litter extract in controlling stem canker of potato under natural infection condition. Significant effect of different treatments was observed on the incidence of stem canker of potato as compared to control. The results evidently showed the lowest stem canker incidence recorded in plots when IPM Lab Biopesticde was applied followed by foliar spray of Ridomil, compost tea, and BAU-Biofungicide while the highest stem canker incidence was recorded in untreated control plot. However, the soil drenching of compost tea and poultry litter extract also performed better as compared to control in reducing the incidence of stem canker. Significant effect of the treatments was observed on the plant height and yield except number of plant raised per tuber. Foliar and soil application of compost tea, poultry litter and mustard oil cake showed better performance in increasing the plant height and yield as compared to all other treatments. Benefit cost analyses of the treatments revealed that foliar application of compost tea showed highest BCR (65.20) followed by Soil application of IPM Lab Biopesticide with BCR 54.38. The treatments viz. foliar spray of Ridomil and BAU-Biofungicide resulted 35.31 and 38.88 BCR, respectively which were the second best treatments as compared to untreated control. The results indicated that an investment of Tk. 1.00 may lead to a profit up to Tk. 65.20 by foliar application of compost tea which shows the maximum profit in the present study. Therefore, compost tea as foliar spray may be used as an alternative environment-friendly approach to control stem canker of potato along with other biological means with maximum economic return.
Introduction
Potato is one of the important vegetables in Bangladesh and has been contributing to the nutrition of poor peoples of Bangladesh who have been suffering from malnutrition. Potato has also been contributing to the recent development of Agro and Food industries in Bangladesh. However, the production of these two major vegetables in Bangladesh is far below as compared to the other growing countries of the World. The main limiting factors for production of potato and tomato in Bangladesh are the poor quality seeds, the management factors and insect-pest and diseases. Rhizoctonia stem canker of potato caused by Rhizoctonia. solani is one of the destructive diseases of potato (Bains et al., 2002) and the pathogen is widespread in all potato growing countries (Jager et al., 1996 , Bains et al., 2002 EL-Bakali & Martin, 2006) . Black scurf symptoms caused by R. solani reduce tuber quality and marketability and cause a huge economic loss in potatoes annually (Banville, 1989; Errampalli & Johnston, 2001) . Around 30-40 % yield reduction was reported in the temperate zones (Little et al., 1998) and 19.2-34 % in the tropical and subtropical regions by this disease (Banville, 1989; Carling et al., 1989) . The typical disease symptoms include death of pre-emerging sprouts, reddish brown to brown cankers on the underground stem parts and stolons which interrupt the starch translocation to the tubers which results in small, green, aerial tubers formation and sclerotia formation on progeny tubers. Formation of tuber-borne sclerotia downgrades tuber quality (Jager et al., 1991) with the development of malformed tubers and an alternation in target size and number of tubers (Jager et al., 1996; Carling et al., 1989) .
Stem canker is an important threat for potato production in some growing areas of Bangladesh in the recent years. However, the management of R. solani seems difficult due to its soil borne nature (Agrios, 2005) . Although many cultural, chemical and biological approaches demonstrated to control the stem canker caused by R. solani, none of them are found effective. However, benefits of compost or its extract or tea has been demonstrated to reduce the disease incidence and severities in many crops. For example, suppression of Rhizoctonia in compost media has been reported by Nelson and Hoitnik (1982) , Chen et al. (1988) , and Tunlid et al. (1989) . Composted manure suppressed damping off by Rhizoctonia solani in potting media experiments with radish seedlings (Raphanus sativus). (Voland & Epstain, 1994) . Trichoderma in addition to being a strong colonizer of compostable materials has potential to control plant diseases (Hoitnik et al., 1993) and have been reported to suppress Pythium and Rhizoctonia (Papavizas, 1985) . However, Poultry litter or chicken manure compost gave better control of Phytophthora cinnamomi root-rot on Lupinus albus than cow, horse, or sheep manures. Low incidence of seedling death in chicken manure compost-amended potting mixes correlated with low population of P. cinnamomi, high levels of microbial activity in particular the activity of endospore-forming bacteria (Aryantha et al., 2000) . Tsror et al., (2001) reported that compost amendment applied in furrow could reduce black scurf incidence in organically grown potatoes. Compost tea, in modern terminology, is a compost extract brewed with a microbial food source like: molasses under forced aeration and grows population of microbial community (Diver, 1998) . Compost tea ensures diverse and healthy food web communities which provide protection of plants from disease. A modest to major control of several plant diseases were reported by the use of compost tea. In Bangladesh, farmers have no option to use compost or organic manure instead of chemical fertilizers to manage the soil and plant health because of the shortage of organic manure in the country. Therefore, using compost tea instead of solid compost application to the soil may be the best use of technology to improve crop productivity and crop heath. In the present work, the efficacy of compost tea and poultry litter extract in controlling stem canker disease of potato were evaluated as compared to chemical and other biological means.
Materials and Methods

Experimental Site, Material, Treatments and Design
An experiment was conducted in the field laboratory, Department of Plant pathology, Bangladesh Agricultural University, Mymensingh during October, 2011 to March, 2012. The land was firstly ploughed with a power tiller and was exposed to sunlight for at least 7days. Then the land was ploughed and cross-ploughed until the soil had a good tilth followed by laddering to level the land and to remove and weeds and break up clods. After each plough, weeds and rubbish were removed. Finally, spade was used to prepare plots. 
Soil Application of Compost, Poultry Litter, IPM Lab Biopesticide and Mustard Oil Cake as Treatment
Compost, poultry litter, IPM Lab Biopesticide and Mustard oil cake were applied to the soil of the respective plot at least seven days before final land preparation @ 10 ton/ha, 10 ton/ha, 64 kg/ha and 3.0 ton/ha, respectively.
Planting of Potato Tubers and Intercultural Operation
Potato tubers were planted in the plots in two rows at 30 cm distance on November 11, 2011 using six tubers per row. After planting, gap filling was done in case of any germination failure within a week. General field sanitation was maintained throughout the growing period. Water was applied to the plots in between the two rows.
Preparation and Application of Compost Tea and Poultry Litter Extract
Compost teas or extracts were prepared by mixing compost with tap water at a ratio 1:5(w/v) followed by fermentation for at least one week. A cup of molasses was added in the mixture during fermentation to enhance the microbial growth in the compost tea. Then it was stirred once every day and allowed to ferment outdoors around at 25°C. After 7 days, the solution was filtered through cheese cloth and diluted (1:1). Then the prepared compost tea was applied with ordinary sprayers. Poultry litter extracts were prepared similarly for soil drenching.
Foliar spray: Both compost tea and poultry litter extract were then sprayed on the foliage with a sprayer at 15 days interval to the assigned plots @ 1000 L/ha.
Soil drenching: Both compost tea and poultry litter extract were drenched at the base of the plant @ 1L/m 2 i.e. 10, 000L/ha. Pathology, Bangladesh Agricultural University, Mymensingh. BAU-Biofungicide was prepared by mixing 20 g with 1L water at a final concentration of 2% taken in a beaker and mixed with a stirrer. Then it was sieved with cheese cloth and 2-3 drops Tween-20 was added to it. Then the prepared BAU-Biofungicide was sprayed at 2% concentration @ 1000 L/ha. The first spray was given 30 days after transplanting (DAT).
Identification of Rhizoctonia Stem Canker in the Experimental Field
The disease was identified in the field based on the symptoms as described previously by Wharton et al., 2007 . The per cent incidence of Rhizoctonia stem canker in potato was calculated at 40 and 80 days after planting using the following formula: × 100
Isolation and Identification of the Stem Canker Pathogen, R. solani
The infected stem portion of the collected diseased plants were cut into small pieces and were surface sterilized by dipping in 10% bleach for 1 minute and then rinsed three times in sterile water. The plant parts were then placed on moist blotter paper in Petridishes with sterile forceps and incubated at 22±2°C for 7-10 days to allow the growth of pathogen. The pathogen was then transferred into the PDA plates for purification. Then the pathogen was identified under compound microscope following the key out-lined by Alexopoulos (1961) and Ingram and Williams (1971) . The organisms were photographed using a compound (Leica) microscope with photographic attachments.
Data Collection and Analysis
The data were collected on the various growth and yield parameters of potato at the time of harvesting. The data were analyzed statistically using analysis of variance to find out the variations resulting from experimental treatments and the treatment means were compared by DMRT (Duncan's Multiple Range Test).
Cost-Benefit Analysis and Benefit Cost Ratio (BCR)
The cost-benefit analysis was done based on gross returns and cost of each treatment to compare the profitability among the treatments. The gross return, gross margin and gross margin over control under each treatment were calculated as follows:
Gross return (TK/ha) = Fruit Yield (kg/ha) × Price (TK/kg) Gross margin (TK/ha) = Gross return (TK/ha) -Cost of the treatment (TK/ha) Gross margin over control (TK/ha) = Gross return under each treatment (TK/ha) -Gross return under control (TK/ha) The BCR was calculated by slight modification of the formula of DAS (Anonymous, 1996/97) as used by Rahman (1998) 
Results
Identification of Stem Canker and Its Pathogen, R. solani
The symptoms of the disease are found on both above-and below-ground portions of the plant. Although black scurf is the most conspicuous sign of Rhizoctonia disease, the symptoms appeared as killing of potato sprout with lesions on the tip with poor and uneven stands with weakened plants. Mature red to brown lesions resulting canker symptoms characterized by rough, brown craters, cracks or both. Late season damage to plants is a direct result of cankers on stolons and stem causing interruption of starch translocation. These results in small, green tubers, called aerial tubers, forming on the stem above the soil (Figure 2A ). Potato stands may also be mistaken for seed tuber decay caused by Fusarium or soft rot bacteria unless plants are dug out and examined. The pathogen was isolated from the diseased plant parts and was identified based on creamy white color mycelial growth with numerous sclerotia ( Figure 2B ) and hyphal branching with characteristic septation ( Figure 2C ). 
Effect of Compost Tea and Poultry Litter Extract on Stem Canker Incidence
The application of compost and poultry were reported to be found effective in controlling many soil -borne pathogens of various crop plants. Here in the present study we observed a significant effect of some organic and chemical treatments on the incidence of stem canker of potato as compared to control. The results evidently showed that the significantly lowest stem canker incidence was recorded in T 8 (Soil application of IPM Lab Biopesticde) followed by T 2 (Foliar spray of Ridomil), T 3 (Foliar spray of compost tea) and T 9 (Foliar spray of BAU-Biofungicide) and the highest stem canker incidence was recorded in control treatment (T 1 ) ( Table 1) . Application of compost tea and poultry litter extract as soil drenching were also found effective as compared to untreated control in reducing the incidence of stem canker. All other treatments used in this study as positive control showed significantly lower incidence as compared to untreated control (T 1 ). (Compost tea or extract as soil drenching), T 5 (Poultry litter extract as soil drenching), T 6 (Compost as soil application), T 7 (Poultry litter (soil application), T 8 ( Biopesticide as soil application), T 9 (BAU-Biofungicide as foliar spray) and T 10 ( Mustard Oil Cake as soil application). ** Means with the same letter in the column do not differ significantly at 1% level of probability. Data represent the averages of 40 and 80 days after planting.
Compost Tea and Poultry Litter Extract Enhance the Growth and Yield Parameters of Potato
To explain the effect of different treatments on growth and yield by reducing the stem canker incidence, the data were taken on growth and yield parameters of potato against each treatment and were analyzed. Significant effects of the treatments were observed on the plant height and yield except number of plant raised per tuber ( Table 2 ). The results showed that all the treatments resulting comparatively higher plant height, number of plants and yield as compared to control. However, foliar application of compost tea, soil application of compost and poultry litter showed better performance in increasing the plant height and yield as compared to all other treatments (Figure 3) . 
Analyses of Benefit Cost Ratio (BCR)
To test the economic feasibility of using compost tea as an alternative means of controlling stem canker of potato, BCR were determined for each treatment. The results showed that foliar application of compost tea yielded the highest BCR (65.20) and gross margin over control (44.92%) followed by T8 (Soil application of IPM Lab Biopesticide) with BCR 54.38 and gross margin over control (31.82) (Table 3 and Figure 4 ). The treatment T2 (Foliar spray of Ridomil) and T9 (Foliar spray of BAU-Biofungicide) resulted 35.31 and 38.88 BCR and 35.48 and 46.3% gorss margin over control, respectively as compared to untreated control. These treatments also showed higher BCR because of low treatment cost as shown in T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  % 
Discussion
Stem canker caused by the fungus Rhizoctonia solan is difficult to control because of the soil-borne nature of its pathogen. But combined approaches which include cultural and crop protection strategies may limit its severity. A number of chemical products have been found effective in controlling the disease but unfortunately these products exerted some adverse effects on the emergence of the tubers (Wharton et al., 2007) . Report revealed that bio-fumigation reduces the Rhizoctonia incidence in the field. In the present study, we evaluated the performance of some organic components as an alternative means in controlling stem canker of potato. We found that foliar application of compost tea and soil drenching of poultry litter extract reduced the incidence of stem canker disease of potato in the field as compared to the control treatment. Although foliar application of Ridomil performed best in reducing the incidence of stem cankers. However, Ridomil did not perform better in increasing the growth and yield parameters of potato as compared to compost, compost tea and mustard oil cake. All other treatments used in this study as positive control showed significantly lower incidence as compared to untreated control (T 1 ) suggesting the use of feasibility of these organic components in controlling stem canker of potato. Organic manures has been reported to have some positive impact in reducing the incidence and severity of many diseases of some economically important crop plants (Aryantha et al., 2000; Nelson et al., 2002; Shaikh & Ghaffar, 2004; Ben Jenana et al., 2009; Saadi et al., 2010; Pane et al., 2011; Ahmed et al., 2012) . Several mechanisms were reported to be involved in the process how the organic manures reduce these soil-borne pathogens. Firstly, compost derived beneficial microbes compete for nutrients with plant pathogens in the rhizosphere (De Brito et al., 1995; Hoitink & Boehm, 1999) . Secondly, production of antibiotic compounds by beneficial microorganisms may inhibit the various plant pathogens, a process known as antibiosis , the thirdly Parasitism and predation of soil inhabiting pathogens by compost inhabiting beneficial microorganisms (Hoitink & Boehm, 1999) and the final mechanism of biocontrol involves in inducing of systemic resistance in plants by microorganisms from composts or soils (Zhang et al., 1996) . Hoitink and Grebus (1994) also reported the pathogen suppression by compost includes inhibition of pathogen growth, pathogen survival and reduction of infection (increased host resistance or competition for infection sites of the host. Competition for food takes place through both direct antagonism and production of antibiotics were also reported (Chen & Inbar, 1993; Hoitink & Fahy, 1986 ).
The foliar application of compost tea reduces the incidence of the stem canker possibly by providing some micronutrients to plants and may also by triggering some signalling pathways in plants. One of the leading explanations is the induction of systemic acquired resistance (SAR). Zhang et al. (1998) observed SAR in cucumber and Arabidopsis by using compost and compost extracts. Furthermore, compost tea may enrich the beneficial microbial community in the plant surfaces which in turn compete with other foliar pathogens and reduced their growth and development on the plant surfaces. The antifungal activity of compost extract which may inhibit the growth of other foliar pathogens and increased crop vigor were also reported (El-Masry et al., 2002; Kerkeni et al., 2007) . Organic teas reported to increase vigour and hardness on the plant by providing both micronutrients and the organic chelating agents (Merrill et al., 1998) . Foliar fertilization is also reported to increase the production of root exudates, which stimulates biological activity in rhizosphere (Kupper, 2000) . Ingham (2001) explained that the life in the soil and on plant surfaces will increase and broadening of species diversity of the communities when compost extracts correctly prepared and applied.
The increased yield and protein content were reported in potato when plants were grown in the soil applied composted animal manure (Srikumar & Ockerman, 1990 ) and composted plant material added to soil was also observed for increasing yield in sweet potato (Ipomoea batatus). (Preston, 1990 , Floyd et al., 1988 . Significant increase in tomato yield was also reported with compost amendment (Cheuk, 2005) . Besides, significant yield increase in eggplant was observed as a result of disease suppressiveness and growth promoting effect of compost (Paplomatas, 2005) . Trichoderma lead to increase nutrient availability and uptake results stronger nutrient uptake by plant and thereby develops the root system which makes better support for shoot growth and development. These parameters for plant vigor are important to overcome biotic and/or abiotic stresses and to increase in plant productivity and yields (Azarmi et al., 2011) . The higher yield obtained from the plants grown in the plots received compost tea, poultry litter extract, IPM lab Biopesticide and BAU-Biofungicide in our study might be due to the beneficial activity of Trichoderma along with other beneficial microbes and the nutrients present in these organic components.
Conclusion
Foliar spray of compost tea may be used as an alternative environment friendly means of plant disease control to increase crop growth and yield with maximum profit. Further investigations are required to draw any conclusion on the use of compost tea and poultry litter extract in controlling soil-borne diseases. However, Feasibility of www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 10; 2013 using compost tea and poultry litter extract in plant disease control need to be re-evaluated considering the human health and ethical issues as compared to other existing formulated biopesticides or biofungicides before being released as a technology at farmers' level. 
